Deep eutectic solvents (DES) are potential ecofriendly surfactants for the preparation of materials. In this study, both molecularly imprinted polymers (MIPs) and mesoporous siliceous materials (MSMs) were modified by betaine-based DES. Six materials were employed as solid phase extraction (SPE) adsorbents for the rapid purification of levofloxacin. The DES-based materials showed better selective adsorption than the conventional materials. The adsorption curves of DES-MIP showed superior molecular recognition ability and binding capability for levofloxacin compared to the other materials. The limit of detection and limit of quantitation of the method were 0.01 and 0.03 μg/mL for levofloxacin, respectively. The method recoveries at three spiked levels were 97.2 -100.2% for DES-MIP, with an RSD <1.8%. DES-MIP showed the highest selective recovery (95.2%) for levofloxacin from the green bean extract, and could remove the interferent effectively.
Introduction
Since deep eutectic solvents (DES) were first proposed by Abbott et al., they have attracted considerable attention as a new type of green solvent for many technologies in chemistry. [1] [2] [3] [4] Deep eutectic solvents (DES) are types of green designer solvents composed of an organic salt and a hydrogen-bond donor (HBD) compound. 5 To extend the applications of DES, it is important to search for cheaper and more accessible hydrogenbonding acceptors than choline chloride. In this context, betaine was chosen as a substitute.
In recent years, an increasing number of antibiotics are being applied to animals and human beings. They are commonly used as antitumor agents, immunosuppressive agents, hypocholesterolemic agents, enzyme inhibitors, antimigraine agents, and antiparasitic agents, which are released in large amounts into the natural ecosystems. 6 On the other hand, the decomposition period of most antibiotics is relatively long, leading to their persistence in the environment. In addition, some antibiotics can become concentrated in environmental water systems and are eventually injected and absorbed by the human body. 7, 8 Those residual antibiotics have adverse effects on human health, and can cause reactions in sensitive individuals. 9, 10 Therefore, it is essential to detect and eliminate antibiotics from the environment. Levofloxacin is a broadspectrum fluoroquinolone with greater activity against S. pneumoniae than older fluoroquinolones. On the other hand, with the increased use of fluoroquinolones, levofloxacin resistance in pneumococci has emerged and its incidence is increasing. 11 Green bean is a very common crop. The plant contains a variety of useful compounds for human health. For example, a green bean water extract can be used for the analysis of antibiotics in natural systems.
Currently, a variety of chromatographic methods have been developed for the analysis of antibiotics. Sample pretreatment is a necessary step to improve the test results. Examples include gas chromatography (GC) equipped with a nitrogen phosphorusspecific, or a mass spectrometer (MS) detector, high-performance liquid chromatography (HPLC) combined with ultraviolet electrochemical fluorescence detection, liquid chromatographymass spectrometry (LC-MS) or LC-MS-MS, enzyme-linked immunosorbent, liquid-liquid extraction, micellar liquid chromatography, and solid phase extraction (SPE). [12] [13] [14] [15] [16] [17] [18] [19] SPE is currently one of the most widely used techniques for extracting compounds from mixture samples. On the other hand, it is very important to select a suitable sorbent for SPE to control parameters, such as selectivity, affinity, and capacity. 20 Molecularly imprinted polymers (MIPs) exhibiting high selectivity and affinity to the predetermined molecule (template) are attracting increasing interest. 21 The selectivity of MIPs to a template is closely related to the structures. 22 Mesoporous silica could be promising as a sorbent owing to its novel structure, which combines a uniform ordered structure, high pore volume, and high surface area. 23 DES were introduced in the synthesis of MIPs and mesoporous silica to improve the affinity and selectivity of MIPs and mesoporous silica. 24, 25 In this study, a certain amount of levofloxacin was added to the green bean extract. The mixed aqueous solution was used in the analysis to simulate a natural system. The DES (synthesized with betaine and ethylene glycol)-modified MIPs (DES-MIP), MIPs (without DES) and NIPs (without DES and template) were prepared in an identical procedure. DES-based mesoporous siliceous and conventional MSMs were prepared by hydrothermal synthesis.
After synthesis, the prepared materials were characterized by scanning electron microscopy (SEM), Brunauer-Emmett-Teller (BET) analysis and Fourier transform infrared spectroscopy (FT-IR). All the materials and comparative C18 adsorbents were employed as the SPE adsorbent for the rapid purification of extracts.
Experimental

Chemicals and reagents
Levofloxacin (>98.0%), betaine (>98.0%), ethylene glycol (>99.5%) and 1,3,5-trimethylbenzene (TMB, 99%) were purchased from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). 
Instrumentation and conditions
Fourier transform infrared spectroscopy (FT-IR, Perkin Elmer, USA) was used to examine the functional groups of the six materials using a pressed KBr tablet in the range 400 -4000 cm -1 . The morphological evaluation was carried out by field emission-SEM (FE-SEM, S-4200, Hitachi, Ontario, Canada). The pore sizes and surface area of these materials were determined from the adsorption and desorption branches of the N2 sorption isotherms, respectively, according to a simplified Broekhoff-de Boer method (BdB-FHH). HPLC analysis was performed using a Younglin HPLC system equipped with an M930 solvent delivery pump (Younglin, Korea) and a UV detector (Younglin, Korea).
The analytical column was purchased from RStech. Co., Korea (150 × 4.6 mm i.d., C18, 5.0 μm). The mobile phase was 0.05 M NaH2PO4-ACN (82:18 v/v, pH 3) and its flow rate was set to 1.0 mL min -1 . The detection wavelength of the detector was set to 294 nm and the injection volume was 10 μL.
Preparation of DESs
In this study, betaine-based DES were synthesized by a heating method. The eutectic mixtures (ratio 1:2:1) consisting of a hydrogen-bond acceptor (betaine) and hydrogen bonding donor (ethylene glycol) with accurately calculated amounts of water were stirred at 100 C until an even, colorless liquid had formed. Table 1 and Fig. 1 present the scheme of MIPs preparation.
Synthesis of the polymers based on DESs
First of all, APTES (6.4 mmol) and MAA (8.1 mmol) were heated together at 60 C for 24 h to synthesize the monomer APTES-MAA. Subsequently, the template (levofloxacin, 1 mmol) and APTES-MAA (3.3 mmol) were added to methanol (12 mL), and the emulsion was sonicated for 10 min until they were fully dissolved and then stored at 4 C in the dark for 1 h. TEOS (1.0 mL, 4.48 mmol) after alcoholysis, EGDMA (25 mmol) and AIBN (0.3 mmol) were then added to the solution. In the next step, 1.5 mmol of betaine-based DES was then added (conventional MIPs do not require this step). After deoxygenating the solution with bubbling nitrogen for 10 min, the mixture was polymerized at 60 C for 24 h. After polymerization, the resulting bulk polymers were ground and sieved with a 0.054-mm aperture sieve, and the smallest particles of polymers were removed by sedimentation in acetone. The polymers were washed in a Soxhlet apparatus successively with MeOH-HAc (9:1, v/v) and MeOH for 24 h to remove the template, and dried under reduced pressure. The efficiency of this procedure was checked by HPLC. Non-imprinted polymers (HNIPs synthesized in the absence of template) were prepared and treated in an identical manner.
Synthesis of MSMs based on DES
As shown in Table 2 , the MSMs were prepared using the hydrothermal polymerization method. 18 In a typical preparation, 6 g of triblock copolymer Pluronic P123 (BASF) was dissolved in an acidic solution (15 mL of HCl (37%) and 100 mL of H2O). A total of 6 g of 1,3,5-trimethylbenzene (TMB) was then added and the resulting solution was heated to 37 -40 C with vigorous stirring for 2 h. A total of 13.8 mL of tetraethoxysilane (TEOS) was added and stirred for 5 min. The solution was transferred to an autoclave and aged at 40 C for 20 h under quiescent conditions. A total of 1.5 mmol of betaine-based DES was then added (conventional MSMs do not require this step), and the mixture was aged at 100 C for a further 24 h. The precipitate was filtered, washed with water and ethanol, and dried. The resulting white powder was calcined at 900 C in a muffle furnace for 6 h.
Absorption capacity of the materials
In the static adsorption test, 30 mg of DES-MIP was placed in a tapered plastic centrifuge tube with a stopper containing 10.0 mL MeOH solutions with levofloxacin at concentrations of 5 -500 μg/mL, respectively. The mixtures were shaken mechanically for 12 h at room temperature with a horizontal shaker and separated for centrifugation at 6000 rpm for 15 min. The concentration of analyte in the solution was analyzed by HPLC. DES-MIP were weighed and suspended in 1.0 mL of a levofloxacin solution of 50 μg mL -1 . The mixtures were shaken mechanically for 1, 2, 4, 6, 8, 10 and 12 h at room temperature. The used MIP, MSM, and DES-MSM were used repeatedly in the above experiment. 
Characterization of materials
The morphological microstructures of these materials were observed by FE-SEM. A high-temperature heat treatment at 900 C eliminated the micropores in the materials, as evidenced by the t-plots of the N2 sorption studies. Molecular structure characterization of the polymer was performed by FT-IR using the KBr pellet method. In the FT-IR disk preparation process, 1 mg of sample material was ground together with 200 mg KBr to produce tablets. The percentage of sample to KBr was 0.5%. The FT-IR measurement range was controlled from 4000 to 400 cm -1 .
Purification of levofloxacin from the green bean extract A 2.0-g sample of green bean was added to 20 mL of DIwater with stirring at 80 C for 1 h. The supernate was cooled to room temperature and filtered through a 0.45-μm membrane prior to the SPE procedure. To simulate the natural systems sample, 500 ng of levofloxacin was added to 10 mL of the green bean extract (Fig. 2) . A 200-mg sample of these materials was added to six empty SPE cartridges and frits were placed at the lower and upper ends to avoid polymer loss.
The levofloxacin sample (1.0 mL) was loaded into the DES-SPE columns, and washed with DI-water (1.0 mL). The analyte was eluted from the columns using MeOH-HAc (9:1, v/v, 1.0 mL). The MeOH-HAc elution was collected at a constant volume (1.0 mL) for further HPLC analysis. 
Results and Discussion
Preparation of materials Selection of the monomer is a crucial step for the preparation of a polymer, and APTES-MAA was used as the hybrid functional monomer for the preparation of MIPs in this study. The structures of APTES and MAA show that there are different functional groups in their molecules. C=C of MAA can be cross-linked with crosslinking agent by thermal initiated free radical polymerization in the presence of AIBN, while -COOH can be the functional group on the surface of polymer to form hydrogen bond with template, and it could also dehydrate with silicon hydroxyl; silicate ester bond of APTES can release silicon hydroxyl and make APTES firmly embedded in the silica matrix from condensation of TEOS, while -NH2 could be the functional group on the surface of polymer to form hydrogen bond with template.
MSMs were prepared using the hydrothermal polymerization method. Therefore, APTES-MAA had been applied in this study as a functional monomer. In this study, both the MIPs and MSMs were modified by DES. In view of a DES composed of a salt with a hydrogen donor, the DES not only has hydrophobic and π-π interactions with the copolymer, but also hydrogen-bonding interactions with the -OH groups of the copolymer. Based on the flexible structure of DES containing both an organic group and an anion, DES might be a potential surfactant in the preparation of materials. Many functional groups from DES were observed over the surface of the DES based particles. DES formed hydrogen bonds with the surface hydroxyls of particles. Therefore, the adsorption efficiency might benefit substantially by such particle aggregation. A betaine-based DES was applied successfully to the synthesis of MIPs and MSMs.
As shown in Fig. 3 , these new materials will have different adsorptivity in the SPE procedure. The rate of levofloxacin loss using the C18 adsorbent was much higher than with the other five. In three of the polymers, DES-MIP had the lowest loss rate, and the loss rate of NIP was higher than DES-MIP and MIP. On the other hand, the loss rate of the DES-MSM was also lower than conventional MSM. Overall, the DES-modified materials had better selective adsorption than the conventional materials. The adsorption of MIPs was better than that of the MSMs. Overall, the C18 sorbent was found to be unsuitable for the absorption of levofloxacin. Figure 4 shows SEM images of five proposed materials. Both of the macrostructures of MSM (Fig. 4a) and DES-MSM (Fig. 4b) were similar. Many spherical particles were observed. NIP (Fig. 4c), MIP (Fig. 4d) and DES-MIP (Fig. 4e) were not spherical particles, but the structure was similar to cotton shape. On the other hand, these materials also showed some differences. The mean particle size and surface morphology of these new materials were not the same. These minor modifications in synthesis led to a significant change in particle morphology. Many small pores and functional groups were observed over the surface of the DES-based particles. Therefore, the adsorption capacity and selectivity might benefit substantially by such particle aggregation.
Characteristics of materials
In the present study, a high-temperature heat treatment at 900 C eliminated the micropores in the materials, as evidenced by the t-plots of the N2 sorption studies. The popular sorption and desorption isotherms at the relative pressures were used to characterize the surface area, pore size and pore volume of these materials. The five kinds of sample were prepared using this approach, and pore size and total pore volume were characterized by N2 sorption isotherms (Table 3 ). In addition, the surface area, pore size and pore volume of MSM and DES-MSM material were much larger than those polymers. MSM had the largest surface area and porous volume among these materials. DES-MSM had the largest average pore size. On the other hand, the surface area and porous volume of three polymers were similar. But DES-MIP showed the largest average pore size. From the above, it was found that these materials had different adsorption capacity.
Use of FT-IR spectra has become a common technique to investigate material conformation because it can provide abundant information on the structure. The FT-IR spectra show two regions, the functional group region (4000 -1330 cm -1 ) and fingerprint region (1330 -400 cm -1 ). As shown in Fig. 5 , the fingerprint regions of MSM and DES-MSM were similar. Therefore, the main structure of these MSMs was similar. NIP, MIP and DES-MIP have a similar fingerprint region. It was not difficult to see that these were the same type of materials. The functional group region was slightly different between traditional materials and DES-based materials, because betaine-based DES had been applied in the synthesis of the materials. Figure 5 shows there were obvious functional group peaks at 1550, 3430 and 3450 cm -1 in the FT-IR spectra of the DES-MSM and DES-MIP, respectively. Therefore, C=N (1645 -1500 cm -1 ), -OH (3500 -3200 cm -1 ) and N-H (3500 -3300 cm -1 ) were on the surface of the materials. These functional groups should be based on the modification of betaine-based DES. Betaine-based DES was connected to the surface of these materials. The conformation of materials was modified by the betaine-based DES in the synthesis process.
Evaluation of the selective adsorption capacity of materials
Static absorption and dynamic adsorption experiments were performed at room temperature to evaluate the binding property of these materials. Figure 6 shows that the amount of levofloxacin adsorbed by six of the materials increased with increasing concentration (5.0 -500 μg/mL). DES-MIP showed the highest affinity in all these materials. The adsorption capacity of C18 sorbent showed only small growth; the absorption by the other five materials increased until the levofloxacin concentration was 200 μg/mL. When the concentration was higher than 200 μg/mL, the adsorption capacity showed no further change. According to Fig. 7 , the adsorption capacity of these five materials increases with increasing adsorption time before saturation adsorption. On the other hand, MSMs require 8 h to reach adsorption saturation, but three polymers required 10 h.
In three of the polymers, DES-MIP had the best adsorption capacity; the adsorption capacity of NIP was lower than DES-MIP and MIP. On the other hand, the adsorption capacity of the DES-MSM was better than that of the conventional MSMs.
Validation of SPE-HPLC method
DES-MIP was assessed as an SPE sorbent for the purification of levofloxacin, and the method under the optimized protocols was validated. The calibration curves were in the range of 0.1 -500.0 μg/mL for levofloxacin. The regression equation is as follows: (X is peak area; Y is concentration). Based on a signal-to-noise ratio of 3 and 10, the limit of detection (LOD) and limit of quantitation (LOQ) of the method for levofloxacin were 0.01 and 0.03 μg/mL, respectively. The precision and accuracy were assessed by analyzing five replicates of spiked samples at three spiked levels on the same day and three different days (n = 3); intra-assay and inter-assay precision, which is expressed as the relative standard deviation (RSD), were 2.6 and 4.0%, respectively. The method recoveries ranged from 97.2 -100.2% for DES-MIP and 88.3 -91.5% for MIP when the concentrations were 5, 25 and 50 μg/mL at the three levels, as shown in Table 4 . The RSD (relative standard deviation) of DES-MIP and MIP of the intra-day and inter-day determination was less than 1.8 and 1.7%, respectively.
Purification of levofloxacin from a green bean extract
These six materials were used to purify levofloxacin from a green bean extract by SPE. The green bean extract was the interferent in this purification work (Fig. 3) . In Figs. 8 and 9 , the C18 sorbent could not retain levofloxacin effectively. Two MSMs could remove the interferent well, but the recovery of levofloxacin was no better than that with the polymers. Although NIP and MIP showed good selectivity, the ability to remove impurities is not as good as the MSMs. DES-MIP showed the highest selectivity recovery (95.2%) for levofloxacin, and could remove the interferent effectively. 
Conclusions
In this study, betaine-based DES was applied in the preparation of MIPs and MSMs. These materials had been doped for SPE packing, and characterized by FT-IR and FE-SEM. The adsorption curves of DES-MIP showed the best molecular recognition ability and binding ability for levofloxacin of all the materials tested. The DES-based materials showed better selective adsorption than the conventional materials. In summary, DES can potentially be extended with versatility to a broad scope of effective drug screening efforts in clinical laboratories.
